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ABSTRACT 
Th is  r e p o r t  summarizes work sponsored by 
t h e  Bureau o f  Mines i n  t h e  development o f  
a  remote  o p e r a t i n g  system (ROS) f o r  
c o n t r o l  1  i ng a  thin-seam cont inuous miner 
(TSCM) 500 f e e t  o r  more d i s t a n t  from t h e  
e x t r a c t i o n  face. De ta i  1  s  a re  p rov ided  
on ROS subsystems i n c l  ud i  ng t h e  cont inuous 
m i n e r ,  v i d e o  equipment,  c o n t r o l s  and 
d i s p l a y s  , t h e  e l  e c t r o n i  c  c o n t r o l  system, 
and t h e  operator  s t a t i o n .  
INTRODUCTION 
Th is  p r o j e c t  was undertaken t o  determine 
t h e  f e a s i b i l i t y  o f  remote, o u t - o f - s i g h t  
opera t ion  o f  a  TSCM u s i  ng of f - the-she1 f 
equipment . I f  remote o p e r a t i  on becomes 
a  common, p r a c t i c a l  a l t e r n a t i v e  t o  
p r e s e n t  m i n i n g  methods, t h e  i n d u s t r y  
s h o u l d  p r o f i t  f rom s i g n i f i c a n t  s a f e t y  
gains, increased f l e x i b i l i t y  i n  s e l e c t i n g  
m7 n i  ng s t r a t e g i e s  and expanded recovery 
o f  coal  reserves. 
Wi thout  quest ion,  t h e  s a f e t y  of workers 
can be increased by removing them from 
t h e  v i c i n i t y  o f  hazards. Thus, con- 
t r o l  1  i n g  a  TSCM from a  remote, p ro tec ted  
s t a t i o n  appears an a t t r a c t i v e  method t o  
dramati  c a l  l y  i nc rease  deep mine opera to r  
s a f e t y  because t h e  opera to r  i s  removed 
from t h e  2 5 - f t  zone a d j o i n i n g  t h e  working 
face ,  w i d e l y  documented as t h e  most 
hazardous area i n  a l l  min ing.  A  s t a t i o n -  
a r y  c o n t r o l  s t a t i o n  does not  have t o  
share t h e  e x t r a c t i o n  area w i t h  mob i le  
machinery and c learances necessary f o r  
t ramming;  i t  can f u l l y  u t i l i z e  t h e  
avai  1  a b l e  space f o r  t h e  opera to r  envelope 
and a  surrounding p r o t e c t i v e  s t r u c t u r e .  
Remote opera t ion  a1 so removes opera to rs  
from face area, h e a l t h  and congest ion 
problems and increases t h e i  r comfor t .  
ROS methods are not  l i m i t e d  t o  c u r r e n t  
m in ing  systems o r  e x t r a c t i o n  1  oca t ions ;  
they  may a l l o w  t h e  deployment o f  modi- 
f i e d ,  cu r ren t -genera t i  on equipment i n  new 
appl i c a t i o n s  and make f e a s i b l e  t h e  m in ing  
o f  r e s e r v e s  p r e s e n t l y  c o n s i d e r e d  
"unminable ." 
I n  1979, t h e  Bureau issued t h e  Bendix 
C o r p o r a t i  on C o n t r a c t  No. H0308038 t o  
s tudy t h e  f e a s i b i l i t y  o f  a  ROS f o r  a  
deep m in ing  TSCM. The s tudy showed t h e  
concept was a t t r a c t i v e  i n  both s a f e t y  
and economic terms and an i n i t i a l  des ign 
was developed [1,2]. I n  1983, t h e  Bureau 
assumed t h e  p r o j e c t  complete ly  i n- house 
and f a b r i c a t i o n  o f  an up-dated system 
commenced. 
DESIGN OF THE ROS 
To reduce system comp lex i t y  and cos t ,  
remote  o p e r a t i o n  was cons idered o n l y  
d u r i  ng c u t t i n g  and 1  oading processes; 
movement o f  t h e  cont inuous miner from 
f a c e - t o - f a c e  was t o  be conducted by 
s t a n d a r d  methods.  A  comprehens ive  
a c t i v i t y  a n a l y s i s  was p e r f o r m e d  f o r  
remote ,  w i t h i n - s i g h t  cont inuous miner 
o p e r a t i  on a t  2  southwestern V i  r g i n i a  
mines. Th is  was done t o  i n s u r e  t h e  ROS 
des ign would account f o r  t h e  f u l l  i n c l u -  
s i o n  o f  tasks  and i n d i v i d u a l  v a r i a t i o n s  
i n  task  performance f o r  opera to rs  and 
t h e i r  he lpers ,  t h e  two j o b  c l a s s i f i c a -  
t i o n s  most a f f e c t e d  by t h e  planned remote 
opera t ion .  Concl usions from t h e  s tudy 
i n d i c a t e d  t h a t :  1 )  t h e  c o n c e p t  was 
f e a s i b l e  from sa fe ty ,  techno1 o g i c a l  and 
economic viewpoi n t s  ; 2)  an opera to r '  s  
p r i m a r y  means o f  o b t a i n i n g  equipment 
c o n t r o l  i n f o r m a t i o n  i s  through v i s i o n ;  
and 3 )  s i g n i f i c a n t  s a f e t y  ga ins cou ld  be 
achieved by m in im iz ing  t h e  presence o f  
miner  he lpe rs  a t  t h e  face area. 
Based on t h e  conc lus ions and p r o j e c t  
g o a l  s, t h e  f o l  1  owi ng 1  + s t  o f  p r e l  im- 
i n a r y  spec; f i c a t  i ons was d e r i v e d  f o r  
t h e  ROS: 1) t h e  opera to r  be p laced i n  a  
g r o u n d - f a l l - p r o t e c t e d  s t a t i o n  near t h e  
s e c t  i on'  s  e l  e c t  r i  c a l  1  oad c e n t e r ,  a  
1  o c a t i  on re1 a t i v e l y  safe, no t  h e a v i l y  
t r a v e l e d ,  and compara t i ve ly  c l o s e  t o  
o t h e r  a c t i v i t i e s  and workers; 2 )  t h e  
ROS sensory, d i s p l a y  and c o n t r o l  sub- 
sys tems i n c l  ude computer support and 
a1 low e f f i c i e n t  miner  operat ion;  and 3) 
an automatic subsystem f o r  hand l ing  t h e  
water,  power and s i g n a l  1  i n e s  be designed 
f o r  t h e  TSCM t o  min imize t h e  need f o r  a  
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m i n e r ' s  he lper  be ing a t  t h e  face d u r i n g  
mining. 
Continuous Miner 
I n v e s t i g a t i o n  o f  t h e  a v a i l a b l e  TSCMs 
r e s u l t e d  i n  s e l e c t i n g  t h e  J e f f r e y  model 
101/102 f o r  use i n  t h e  p r o j e c t .  Th is  
s e l e c t i o n  was based on a  comparison o f  
t h e  des ign and s p e c i f i c a t i o n s  o f  each 
TSCM and inc luded  t h e  p repara t ion  o f  
draw? ng board l a y o u t s  o f  t h e  machines 
w i t h  t h e  a d d i t i o n  o f  severa l  con f igu r -  
a t i o n s  o f  a n t i c i p a t e d  a n c i l l a r y  equ'p- 
ment. The advantages o f  t h e  model 101/102 
machines over o thers  i n c l u d e  t h a t :  1 )  t h e  
f l a t  upper  s u r f a c e  a l lows  t e l e v i s i o n  
cameras t o  be placed i n  a  v a r i e t y  o f  
p o s i t i o n s  w i t h  r e l a t i v e l y  unobstructed 
f i e l d s  o f  view; 2) more space i s  a v a i l -  
ab le f o r  add-on equipment; and 3)  more 
p r e c i s e  c o n t r o l  o f  t h e  e x t r a c t i o n  process 
i s  f e a s i b l e  because t h e  c u t t i n g  auger i s  
sumped i n t o  t h e  face by h y d r a u l i c  rams 
w h i l e  t h e  main body o f  t h e  miner remains 
s t a t i o n a r y .  
Cameras 
Usi ng layou t  drawings o f  v iewing areas. 
i t  was determined t h a t  2 cameras cou ld  
p rov ide  t h e  necessary v i s u a l  i n f o r m a t i o n  
i f  they were p r o p e r l y  loca ted  on t h e  
miner  and equipped t o  a l l o w  i n d i v i d u a l  
c o n t r o l  o f  viewed scenes. Two h igh  
s e n s i t i v i t y ,  so l  i d - s t a t e  c o l o r  cameras 
(Sony model DXC-102) mounted i n  custom- 
made e x p l  o s i  on -  p r o o f  h o u s i n g s  were 
se lected.  The cameras a re  equipped w i t h  
11 t o  110 mn zoom-type lenses. Camera 
placement on t h e  miner  was designed t o  
enable one camera t o  l o o k  toward t h e  
e x t r a c t i o n  face w h i l e  t h e  o ther  can l o o k  
i n  t h e  outby d i r e c t i o n .  The opera to r  
can independent1 y  c o n t r o l  t h e  f i e l d  o f  
v iew,  o r i e n t a t i o n  and focus o f  each 
camera. Cameras are moved by a  h y d r a u l i c  
system t h a t  inc ludes  r o t a r y  ac tua to rs  and 
c y l i n d e r s .  F i g u r e  1, a  p r e l i m i n a r y  
a r t i s t ' s  i l l u s t r a t i o n  o f  a  m o d i f i e d  
J e f f r e y  1 0 1  TSCM, shows t h e  camera 
placement ; t h e  ac tua l  custom-made camera 
housings a re  n o t  shown - they are designed 
t o  m in im ize  t h e  TSCM' s  o v e r a l l  h e i g h t .  
Contro l  s  and Di sp l  ays 
I n  o rder  t o  successful 1  y  remote c o n t r o l  
an opera t ion  as complex as m in ing  coal ,  
t h e  opera to r  must be w e l l  informed on 
events o c c u r r i n g  a t  t h e  face. I n i t i a l  
requirements f o r  t h e  c o n t r o l s  and d i s p l a y s  
were determined through an examination o f  
what t a s k s  mus t  be conduc ted ,  what 
i n f o r m a t i o n  t h e  odbrator  needs t o  conduct 
t h e  tasks,  and what sensory equipment i s  
a v a i l a b l e  t o  p rov ide  t h e  in fo rmat ion .  
FIGURE 1. - A r t i s t ' s  i l l u s t r a t i o n  o f  
mod i f ied  miner 
Because t h e  p r e c i s e  parameters operators  
use t o  judge t h e  e f f e c t i v e n e s s  o f  c o n t r o l  
a re  l a r g e l y  unknown a t  present  and may 
d i f f e r  among o p e r a t o r s ,  t h e  i n i t i a l  
r e q u i r e m e n t s  were supplemented w i t h  
a d d i t i o n a l  i n p u t s .  Table 1 shows t h e  
sensory i n p u t s  prov ided t h e  operator .  
TABLE 1. - Operator Sensory Inpu ts  
Sensory Sensor Di sp lay 
i n p u t  hardware hardware 
V i s i o n  a t  Two c o l o r  TV Two 9 "  c o l o r  
face area cameras w f t h  v ideo 
zoom, pan, 
and t i  1  t 
R e l a t i v e  L inear  Edgemeters, 
p o s i t i o n s  o f  po ten t io -  baragraphs, 
auger and meters and vo ice  
ta i l -boom synthesizer  
Sounds from Mi crophone Panel - 
face mounted 
speaker 





E l e c t r i c a l  Pressure Analog 
and hydrau- c u r r e n t  & meters, 
l i c  system vo l tage  " I d i o t  
parameters t ransducer  L ights , "  and 
and thermo- vo ice  
coup1 es synthesizer  
As shown i n  F igure  2, t w i n  9- inch c o l o r  
v ideo moni tors  placed d i r e c t l y  i n  f r o n t  
o f  t h e  operator  p rov ide  v i s u a l  i n f o r m a t i o n  
on f a c e  events. Auger and conveyor 
p o s i t i o n  d i s p l a y s  a re  loca ted  around t h e  
v ideo moni tors ,  i n  o r  as c lose  as poss ib le  
t o  t h e  o p e r a t o r ' s  pr imary v i s u a l  f i e l d .  
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up w i t h  h y d r a u l i c  and e l e c t r i c a l  d i s p l a y s  
and var ious  c o n t r o l s .  A vo ice  synthes- 
i z e r  , a u d i b l e  through a panel-mounted 
speaker ,  p r o v i d e s  t h e  o p e r a t o r  w i t h  
s e l e c t e d  i n f o r m a t i o n  d u r i n g  p e r i o d s  
o f  peak v i s u a l  a c t i v i t y .  The miner  
c o n t r o l s  are mounted on a module placed 
below and a t  an angle t o  t h e  d i s p l a y  
panels. These c o n t r o l s  p rov ide  the  same 
f u n c t i o n s  as t h o s e  norma l l y  used t o  
operate t h e  TSCM v i a  a te thered  c o n t r o l  
box. 
FIGURE 2. - ROS opera to r  s t a t i o n  
E l e c t r o n i c  Contro l  System (ECS) 
The ROS's ECS ( f i g u r e  3) i s  b u i l t  around 
two computer systems: t h e  HOST, loca ted  
a t  t h e  o p e r a t o r ' s  p o s i t i o n ,  and t h e  
SLAVE, loca ted  on t h e  TSCM [3]. Advant- 
ages d e r i v e d  f rom t h e  ROS's use o f  
computers inc lude :  1) c o n t r o l  and sensory 
data i s  processed and sent over on ly  2 
wires; 2)  a  wide range o f  sensory informa- 
t i o n  i s  c o l l e c t e d  from the  face area and 
d i s p l a y e d  t o  t h e  opera to r  through a 
v a r i e t y  o f  user - f r i end1  y output  devices; 
3)  a  vo ice  syn thes ize r  prov ides s e l e c t +  ve 
i n f o r m a t i o n  t o  t h e  operator ;  4 )  d iagnos t i c  
funct ions a re  incorporated,  simp1 i f y i n g  
ECS maintenance and r e p a i r ;  and 5 )  opera- 
t i o n a l  and hardware changes a re  e a s i l y  
implemented. Goals s t r i v e d  f o r  i n  t h e  
development o f  t h e  ECS inc luded  opera- 
t i o n a l  f l e x i b i l i t y ,  r e l i a b i l i t y ,  low cos t .  
and use o f  o f f - t h e - s h e l f  hardware. The 
HOST and SLAVE computers con t inuous ly  
communicate w i t h  each other .  The HOST 
c o l l e c t s  o p e r a t o r  i n p u t ,  encodes and 
t r a n s m i t s  i t  t o  t h e  SLAVE. The SLAVE 
c o n t r o l s  t h e  TSCM based on confirmed data 
received from t h e  HOST; i t  a l s o  c o l l e c t s  
encodes data from machine-mounted sensors 
and transmits i t  t o  t h e  HOST. The 
HOST decodes the  SLAVE data and ou tpu ts  i t  
t o  t h e  d i s p l a y  devices. 
FIGURE 3. - The e l e c t r o n i c  c o n t r o l  system 
Computer Communi c a t +  ons Protocol  
The ROS requ i res  t h a t  c o n t r o l  s i g n a l s  
be sent from t h e  operator  s t a t i o n  t o  
t h e  TSCM, and face area v ideo and sensory 
i n f o r m a t i o n  be s e n t  i n  t h e  oppos i te  
d i r e c t i o n .  Because a power cab le  and 
water hose must extend t o  t h e  TSCM from 
t h e  genera l  l o c a t i o n  o f  t h e  opera to r  
s t a t i o n ,  wi r e l e s s  communications o f fe red  
no o v e r a l l  advantage. Therefore,  t h e  ROS 
was designed so t h a t  c o n t r o l  and sensory 
s i g n a l s  are c a r r i e d  over a cab le  run 
a longside t h e  e x i s t i n g  1 i nes . 
The commun ica t ions  1 i n k  between t h e  
HOST and SLAVE i s  c r i t i c a l ;  data a t  a  
r a t e  o f  1200 b i ts /second must pass i n t a c t  
through a s i n g l e  t w i  sted.-pai r wi r e  con- 
t a i n e d  i n  t h e  s i g n a l  cab le  o r  dangerous 
r e s u l t s ,  such as unintended TSCM motion, 
could occur. The need f o r  e r r o r - f r e e  
t ransmiss ion o f  da ta  between t h e  com- 
pu te rs ,  which may be 500 f e e t  o r  more 
a p a r t ,  i s  complicated by t h e  extreme 
amount o f  e l e c t r i c a l  no ise  present  i n  
coal  mines. Th is  chal lenge i s  met by 
empl o y i  ng shor t -  haul modems ( B lack Box 
Co. SHM-NPR) , t r a n s i e n t  s u p p r e s s i o n  
devices and spec ia l  data-encrypt ion and 
decoding software. I f  f a u l t y  data 4s 
received by e i t h e r  t h e  HOST o r  SLAVE, i t  
i s  d iscarded and re- t ransmiss ion o f  t h e  
data i s  requested. Several o ther  sa fe ty  
measures a re  incorpora ted  i n t o  t h e  system 
sof tware t o  i n s u r e  sa fe  o p e r a t i  on i n c l  ud- 
ing ,  i f  c o n d i t i o n s  warrant ,  powering-down 
o f  t h e  computers and TSCM. E n t i r e  and 
immediate shut-down o f  t h e  SLAVE and TSCM 
a l s o  occurs when t h e  l a r g e ,  red SQUASH 
(emergency stop) b u t t o n  mounted on t h e  
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c o n t r o l  panel i s  a c t i v a t e d  by t h e  opera to r  
o r  when t h e  s i g n a l  cab le  i s  severed. 
Common Subsystems 
Several subsystems a re  e i t h e r  common o r  
e s s e n t i a l l y  s i m i l a r  t o  t h e  HOST and 
SLAVE i n c l u d i n g  d i a g n o s t i c  p o r t s ,  power 
s u p p l  i e s ,  t h e  s e r i a l  commun ica t ions  
l ~ n k ,  and an a c o u s t i c  feedback system. 
Both computer systems c o n t a i n  a  d i a g n o s t i c  
p o r t  no rma l l y  used o n l y  d u r i n g  t e s t i n g  o r  
i n i t i a l  set-up. I f  a  smal l  hand-held 
t e r m i n a l  d e v i c e  i s  p l u g g e d  i n t o  a  
d i  a g n o s t i c  p o r t ,  system c o n t r o l  i s  
re1 i nqui shed t o  i t  . Menu-driven sof tware 
d i s p l a y e d  on t h e  t e r m i n a l  a l l ows  an 
opera to r  t o  c o n t r o l  and mon i to r  most o f  
t h e  ECS f u n c t i o n s  and t h e  opera t ion  o f  
t h e  TSCM. 
As e l e c t r i c a l  t r a n s i e n t s  and power 
f l u c t u a t i o n s  are common i n  m in ing  and 
i n t o 1  e r a b l e  i n  computer systems, they  a re  
e l i m i n a t e d  i n  t h e  HOST and SLAVE by 
spec ia l  hardware. U n i n t e r r u p t i b l e  power 
supp l ies  (UPSs) p rov ide  t h e  vo l tages  t o  
r u n  t h e  sys tems;  t h e y  a r e  d i r e c t l y  
powered from g e l - c e l l  b a t t e r i e s ,  which 
a r e  c o n s t a n t l y  c h a r g e d  b y  t h e  l i n e  
v o l t a g e  . Thi  s  arrangement a1 1  ows even 
c o m p l e t e  l i n e  v o l t a g e  c u t - o f f  t o  be 
t o l e r a t e d  f o r  t i m e  per iods  o f  up t o  1. 
hour.  T I  I E l e c t r o n i c s  I n c  . EHVQ-170E-8 
s w i t c h i n g  UPSs a re  used; t h e y  are uncom- 
m o n l y  e f f i c i e n t ,  d i r e c t l y  g e n e r a t i n g  
mu1 t i  p l  e  DC vo l  tages i nstead o f  suppl y i  ng 
AC vo l tages .  As a  f i n a l  p recau t ionary  
step, t h e  UPS i n p u t s  are connected t o  
heavy-duty, i ndust - r i  a l -grade power 1  i ne 
t r a n s i e n t  suppression dev ices.  
E x t r a c t i o n  face  sound s i g n a l  s  a r e  picked- 
up by a  microphone mounted on t h e  TSCM, 
boosted by a  smal l  amp1 i f i e r  conta ined i n  
t h e  SLAVE system, t r a n s m i t t e d  through a  
t w i s t e d - w i r e  p a i r  conta ined i n  t h e  s i g n a l  
c a b l e ,  and presented t o  t h e  opera to r  
th rough  a  speaker l o c a t e d  i n  a  d i s p l a y  
panel . 
The ECS so f tware  was developed us ing a  
high-1 eve1 programming language f o r  t h e  
I n t e l  Corp. 8085 m~croprocessor  c a l l  ed 
PLIM 80. A d d i t i o n a l l y ,  an opera t ing  
system c a l l e d  iRMXl80 ( I n t e l  Corp. and 
Micro-Managers Inc.)  was used t o  p rov ide  
t h e  c a p a b i l i t y  f o r  r e a l - t i m e  m u l t i -  
t a s k i n g  process c o n t r o l  . 
The SLAVE Computer System 
The TSCM-mounted SLAVE system ( f i g u r e  3)  
cost 's  approx imate ly  $8,000 ( f o r  hard- 
ware) and i s  e s s e n t i a l l y  an i n t e l l i g e n t  
i n p u t /  ou tpu t  p o r t  c o n t a i n i n g  a  computer. 
The SLAVE i s  comprised o f  two, custom- 
conf igured main boards: an I n t e l  Corp. SBC 
80124 c a r d  supp l  i es system i n t e l l  i- 
gence and an Analog Devices RTI 711 card 
p r o v i d e s  a n a l  o g - t o - d i g i t a l  convers ion.  
The b o a r d s  a r e  connected through an 
indus t ry -s tandard  Mu1 t i  bus I card  cage. 
When a  v a l i d  command i s  rece ived from 
t h e  HOST, t h e  SLAVE ou tpu ts  an appropr i -  
a t e  command sequence t h a t  a c t i v a t e s  
r e l a y s  i n s i d e  t h e  miner .  At p r e c i s e  
i n t e r v a l s ,  t h e  SLAVE a l s o  samples da ta  
on i t s  i n p u t  p o r t s  and a n a l o g - t o - d i g i t a l  
conver te r  channels, encodes t h e  informa- 
t i o n ,  and t r a n s m i t s  i t  t o  t h e  HOST. A l l  
i n p u t s  and ou tpu ts  a re  o p t i c a l l y  i s01  a ted  
t o  p r o t e c t  t h e  computer system. Because 
t h e  SLAVE i s  mounted on t h e  TSCM, t h e  
e l e c t r o n i c  components a re  packaged t o  f i t 
w i t h i n  a  compact expl os ion-proof  housi ng . 
Although t h e r e  was some concern t h a t  t h e  
system m i g h t  be endangered b y  heat 
bu' 1  d i  ng-up i n  t h e  smal l  box, c a l  cu l  a- 
t i o n s  showed t h e  heat generated by t h e  
s y s t e m ' s  60 w a t t s  power consumpt ion 
should be e f f e c t i v e l y  d i s s i p a t e d  t o  t h e  
o u t s i d e  a i r .  
The HOST Computer System 
The HOST system hardware cos ts  approx i -  
ma te ly  $9,000 and i s  conta ined on f o u r ,  
custom-conf igured main boards: an I n t e l  
Corp. SBC 80124 card; an I n t e l  Corp. 
SBC 116 expansion card; and two ETI 
M ic ro  Co.'s 8135 analog ou tpu t  cards.  
The b o a r d s  a r e  c o n n e c t e d  t h r o u g h  a  
M u l t i b u s  I c a r d  cage. The p r imary  
f u n c t i o n  o f  t h e  HOST i s  t o  command t h e  
ECS based on i n p u t  rece ived from t h e  
o p e r a t o r .  Encoded da ta  shipped from 
t h e  HOST, i f  v a l i d ,  cause t h e  SLAVE t o  
e x e r c i s e  t h e  TSCM. The HOST a1 so decodes 
and checks da ta  packets from t h e  SLAVE. 
I f  s e n s o r y  d a t a  i s  rece ived,  i t  i s  
processed and d isp layed  on up t o  48 
d i g i t a l  and 16 1 2 - b i t  analog ou tpu t  
dev ices i n c l  uding " i d i o t  1  i g h t s  ," bargraph 
d i  s p l  ays and analog meters. P1 ug-in 
modules a l l o w  dev ice ou tpu t  d r i v e  char- 
a c t e r i  s t i c s  t o  be e a s i l y  mod i f i ed .  
The HOST i s  a1 so equipped w i t h  a  v o i c e  
synthes i  zer  subsystem; i t  prov ides t h e  
o p e r a t o r  w i t h  i n f o r m a t i o n  on c r i t i c a l  
e v e n t s  d u r i n g  per iods  o f  peak v i s u a l  
l oad ing .  The v o i c e  syn thes ize r  i s  a  
M ic ro  M in t  Sweettal  ker  I 1  phoneme-based 
u n i t .  N i  n e t y - e i g h t  p r o j e c t -  s p e c i f i c  
words b u i l t  i n t o  t h e  so f tware  a re  combined 
as requ i red  t o  form complete messages. 
HOST components are packaged t o  m a i n t a i n  a  
minimum volune. Because t h e  system i s  
1  ocated i n " f resh a i  r ," an expl o s i  on- p roo f  
housi ng i s no t  requ i  r e d  . 
Operator S t a t  i on 
F i g u r e  2  shows t h e  p o r t a b l e  c o n t r o l  
s t a t i o n  designed t o  p rov ide  t h e  opera to r  
w i t h  a  c o m f o r t a b l e ,  human-engineered, 
ground-  f a 1  1  p r o t e c t e d  works i te .  The 
f 1  o o r  and p r o t e c t i v e  canopy e x t e n d  
aga ins t  t h e  f l o o r  and r o o f ,  p r o v i d i n g  t h e  
opera to r  w i t h  t h e  l a r g e s t  i n t e r i o r  space 
t h e  seam h e i g h t  w i l l  a l l ow ,  t o  a  maximum 
o f  42 i n .  Operator i ng ress  and egress 
a re  prov ided through a  s t u r d y  h o r i z o n t a l  
door.  The s t a t ?  on des ign accommodates 
o p e r a t o r s  r a n g i n g  i n  s i z e  f r o m  5 t h  
p e r c e n t i  1  e  f e m a l e  t o  9 5 t h  p e r c e n t i l e  
male. The i n t e r i o r  s t a t i o n  dimensf ons 
a re  ample and t h e  c o n t r o l s ,  d i s p l a y s  and 
seat  are a d j u s t a b l e  through a  wide range 
o f  comfo r tab le  opera t ing  p o s i t i o n s  . The 
s t a t  i on c o l  1  afses i n t o  a  compact, enclosed 
u n i t  o n l y  24 inches h i g h  t h a t  i s  towed t o  
t h e  deployment s i t e .  Th is  he lps p r o t e c t  
t h e  ECS when i t  i s  no t  be ing  used. Dur ing 
towing,  a  two p iece  towbar a t taches  t o  t h e  
main body o f  t h e  s t a t i o n  through p i n  
connectors .  
Cable Reel System 
Acc ident  a n a l y s i s  showed t h a t  an auto- 
mated system f o r  keeping cab le  ou t  o f  t h e  
way o f  t h e  miner and haulage system could 
g r e a t l y  improve system s a f e t y  by m in i -  
m i z i n g  t h e  need f o r  t h e  m i n e r ' s  he lpe r  
be ing a t  t h e  face  d u r i n g  min ing.  There- 
f o r e ,  a  3 - s e c t i o n  cab le  r e e l  system 
was designed t o  handle t h e  power cable,  
s igna l  cab le  and water hose. As dep ic ted  
i n  f i g u r e  1, t h e  1  i n e s  a re  kept  away from 
t h e  equipment by a  cab le  boom at tached t o  
t h e  s i d e  o f  t h e  TSCM. 
ROS Eva1 u a t i  on 
Upon c o m p l e t i o n  o f  t h e  ROS, i n i t i a l  
e v a l  u a t i o n  and r e f i n e m e n t  wi  11 t a k e  
p l a c e  a t  t h e  Bureau 's  Mine Equipment 
Test F a c i l i t y  l o c a t e d  a t  Bruceton, PA by 
a t tempt ing  t o  c u t  from a  b l o c k  o f  a r t i f i -  
c i a l  coa l  . Required re f inements t o  t h e  
equ ipment ,  o p e r a t i n g  p r o c e d u r e s ,  and 
a n c i  11  a r y  systems w i l l  be i d e n t i f i e d ,  
imp1 emented , and eval  uated . Th is  phase 
w i l l  i n c l u d e  t h e  development o f  an ill u- 
m i n a t i o n  system t o  be used when t h e  
system i s  deployed i n  t h e  f i e l d .  
Present S ta tus  
E v a l u a t i o n s  t o  d a t e  have  shown t h e  
Bureau' s  ECS t o  be e f f e c t i  ve i n  a1 1  owi ng 
t h e  a c t i v a t i o n  o f  t h e  TSCM f u n c t i o n s  and 
t h e  recep t ion  o f  video, audio and TSCM 
per fo rmance  parameters  over a  s igna l  
cab le  l e n g t h  o f  500 f e e t .  However, t h e  
deep m in ing  ROS has no t  been completed 
due t o  de lays i n  secur ing a  TSCM dedi -  
cated t o  t h e  p r o j e c t  and t h e  a r r i v a l  o f  a  
unique o p p o r t u n i t y  . An agreement has 
r e c e n t l y  been reached w i t h  a  cooperator  
who supp l ied  a  new J e f f r e y  Model 102HP 
TSCM t o  be c o n t r o l l e d  by t h e  ROS i n  
exchange f o r  use o f  t h e  c o n t r o l  system 
w i t h  a  p r o p r i e t a r y  h ighwa l l  e x t r a c t i o n  
system. The deep m in ing  ROS system i s  
p r e s e n t l y  be ing  a l t e r e d  t o  a l l o w  i t s  use 
f o r  h ighwa l l  e x t r a c t i  on. A1 though most 
o f  t h e  above-descri bed developments a re  
d i  r e c t l y  app l  i c a b l  e  t o  t h e  h i g h w a l l  
a p p l i c a t i o n ,  requ i red  system mod i f i ca -  
t i  ons i n c l  ude: s w i t c h i n g  t h e  opera to r  
s t a t i o n  f r o m  a  t h i  n-seam underground 
des ign t o  a  u n i t  s u i t e d  f o r  deployment on 
a  h ighwa l l  bench; d e l e t i n g  t h e  requ i  re-  
ment f o r  an automat ic  cab le  hand1 i n g  
system; re-spec i  f y i  ng t h e  camera deploy- 
ment c o n f i g u r a t i o n  t o  g a i n  views t o  
add? t i o n a l  areas; and adding t h e  requ i  re- 
ment f o r  a  system capable o f  p r o v i d i n g  
g u i d a n c e  i n f o r m a t i o n  f o r  a c c u r a t e l y  
p o s i t i o n i n g  t h e  TSCM. The c u r r e n t  p l a n  
7s t o  tho rough ly  eva lua te  t h e  ROS i n  
h ighwa l l  p roduc t ion  i n  t h e  near f u t u r e ,  
then  complete i t s  deployment and assess- 
ment as a  deep m in ing  system a t  a  f u t u r e  
da te .  
CONCLUSIONS 
The  remote o p e r a t i o n  o f  c o n t i n u o u s  
m in ing  machines 500 o r  more f e e t  d i s t a n t  
from t h e  e x t r a c t i o n  face appears as an 
a t t r a c t i v e  means o f  s i g n i f i c a n t l y  
i n c r e a s i n g  o p e r a t o r  s a f e t y ,  a1 l o w i n g  
i n c r e a s e d  f l e x i b i l i t y  i n  s e l e c t i n g  
m i n i  ng s t r a t e g i e s  and expand? ng t h e  
recovery o f  coal  reserves.  The Bureau's 
c u r r e n t  ROS developments appear encour- 
ag ing,  bu t  are y e t  unproven. P o t e n t i a l  
c o n t r o l  problems i n c l u d e  t h a t  t h e  v ideo 
i n f o r m a t i o n  prov ided t h e  opera to r  w i l l  
no t  supply  t h r e e  dimensi onal pe rcep t ion ,  
and proven coal  t o  r o o f  and f l o o r  i n t e r -  
f a c e  sensors  a r e  n o t  a v a i l a b l e  t h a t  
would inc rease  t h e  p r o b a b i l i t y  o f  t h e  
TSCM remaining i n  t h e  coal  seam. However, 
conf idence remains h i g h  t h a t  f u t u r e  system 
ref inements combined w i t h  sensor advance- 
ments wi 11 a1 low t h e  developed ROS t o  mine 
coal  e f f e c t i v e l y  and serve t o  promote 
widespread deployment o f  t h i  s  techno1 ogy 
throughout  t h e  m in ing  i n d u s t r y .  
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